The influence of age, sex, left ventricular hypertrophy (LVH) and geometry on the autonomic activity to the heart was investigated in 96 hypertensive out-patients (53 men, mean age 53 ± 9 years) and 39 healthy subjects 
Introduction
An increased sympathetic tone has been documented in patients with essential hypertension, [1] [2] [3] [4] [5] [6] [7] and it is thought to represent one of the factors involved in the pathogenesis and development of arterial hypertension and its complications. 8, 9 Whether the activity of the autonomic nervous system to the heart is influenced by aging in hypertensive patients remains uncertain, owing to discrepancies in the results of different methods currently used to evaluate the sympathetic control of the cardiovascular system in these patients. In fact, in spite of an increased noradrenaline spillover, 10, 11 total heart rate variability (HRV) and the variability of low-frequency oscillations were markedly reduced in elderly healthy subjects, 12, 13 suggesting that endorgan responsiveness may be impaired with age, 14 because of alterations of the ␤-adrenergic receptor and/or its postreceptor signal transduction pathway.
Hypertensive patients with left ventricular hypertrophy (LVH) show a greater degree of sympatho-vagal imbalance 15 as well as an increased inci- cardiogram was recorded in 50 patients to detect late potentials.
Stepwise multiple linear regression analysis showed that the 24-h LF/HF ratio was influenced by age and sex, D-LF/HF by age and N-LF/HF by sex, a higher LF/HF ratio being found in younger patients and in men. These data suggest a more prominent sympathetic modulation of cardiac activity in these groups. No differences in RR period variations were observed between patients with or without LVH. Late potentials were observed in 10 patients, and did not correlate with any of the measured parameters.
dence of ventricular arrhythmias and sudden death. [16] [17] [18] It is widely accepted that a reduced HRV and an increased sympathetic activity have much greater chances to combine, thus providing tachiarrhythmias in patients with LVH. 19 Time and spectral analysis of spontaneous fluctuations in heart rate is a widely employed, sensitive tool for the non-invasive assessment of the autonomic regulation to the heart. [3] [4] [5] [6] The results obtained with this technique in human hypertension, however, are at the same time intriguing and conflicting. [4] [5] [6] [20] [21] [22] Moreover, the relationship between the sympatho-vagal balance, left ventricular remodeling and the incidence of ventricular late potentials is still unclear.
In the current study, we examined the patterns and pathophysiological correlates of time and spectral analysis of HRV, as well as the occurrence of ventricular late potentials, a well recognised tool to identify patients at high risk to develop serious ventricular arrhythmias, 23, 24 in a large series of patients with essential hypertension. The purpose of our study was to evaluate whether age, sex, left ventricular mass and geometry could influence the autonomic regulation of cardiac rhythm, and whether alterations of the sympatho-vagal balance could play any triggering role in the appearance of late potentials.
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Materials and methods
Protocol of the study
The study population was made up of 96 outpatients (53 males and 43 females, mean age 53 ± 1 years), with mild to moderate essential hypertension, according to the JNC V criteria, 25 and 39 healthy subjects (19 males and 20 females, mean age 44 ± 2 years). All patients had systolic and diastolic blood pressures (SBP/DBP) above 145 and 90 mm Hg, respectively, a history of hypertension lasting at least 1 year, an abnormal 24-h ambulatory BP profile and hypertensive retinopathy. Secondary hypertension was excluded by clinical history, physical examination, laboratory tests and excretory urogram or captopril scintigraphy. None had diabetes, pulmonary, cardiac or renal diseases. All patients were in sinus rhythm. Previous medications, if any, were discontinued at least 1 month before the study. Patients smoking more than five cigarettes/day were not included in the study. All patients gave their informed written consent to participate in the study, which was approved by the local Ethics Committee.
On the first day of the study, patients underwent 24-h ECG Holter recordings. In this period, a 'lifeschedule' was observed concerning arising, retiring and meal times as well as caloric intake (1800 calories per day). The next day, Doppler echocardiography was performed in the early afternoon, followed by signal averaged ECG. For technical reasons, the latter test was performed in 50 patients (31 males, 19 females, mean age 55 ± 2 years).
ECG Holter recording of bipolar leads (CM1 and CM5) were scanned by a computer-based system (ELATEC 3.0, ELA Medical, Segrate, Italy) with correction of beat morphology and timing by one of the authors, who did not know the patients' background. HRV was evaluated in the time and frequency domains using a software provided by ELA medical (HRV module for ELATEC 1.0). From the surface ECG, the computer program calculated a series of 512 consecutive intervals as a function of beat numbers, thus obtaining the tachogram. The power spectra, that is the energy in the power spectrum between 0.01 and 0.40 Hz, were computed over a 256-s sampling period, with an overlapping of 128 s, using the Fast Fourier Transform mathematical function. The total power was not calculated when less than 50 complexes or less than 80% of the complexes were available in the considered window. In the time domain, we considered the 24-h standard deviation of all RR intervals (24h-SDNN), an index of the overall variability, and the 24-h square root of the mean of the sum of the squares of differences between adjacent normal RR intervals (24h-RMSSD), which is a measure of high-frequency, vagally mediated HRV. 26 The following 24-h frequencydomain indexes were determined: (1) the low-frequency (24h-LF) component, that is the value of the power (msec 2 ) in the band from 0.04 to 0.15 Hz and is thought to reflect both the sympathetic and the vagal activity; (2) the high-frequency (24h-HF) component, that is the value of the power (msec 2 ) in the band from 0.16 to 0.40 Hz, mainly due to vagal activity; (3) the 24-h LF/HF ratio, an index of the sympatho-vagal interplay. 26 The LF and HF bands were expressed in normalised units (nu). The use of the normalisation procedure allows a better comparison among spectra with large differences in total variance. 26 Moreover some studies suggest that, when expressed in normalised units, the LF component is a quantitative marker of sympathetic modulation. 26 All the above parameters were also calculated in a daytime (D-: 8-12 am) and a night-time (N-: 0-4 am) period.
M-mode, two-dimensional and Doppler echocardiography was performed using a Toshiba SSH-270 HG machine (Toshiba Corporation, Tokyo, Japan) equipped with 2.5 and 3.75 MHz transducers. Left ventricular end-systolic and end-diastolic dimensions and thickness of the interventricular septum and the posterior wall of the left ventricle were measured on two-dimensionally guided M-mode tracings, according to the recommendations of the American Society of Echocardiography. 27 Measurements were performed on four to six cycles by means of a computer-aided method and averaged. The following parameters were calculated: left ventricular mass index (LVMI), according to Devereux and Reicheck, 28 relative wall thickness (RWT, that is the ratio between left ventricular wall thickness and left ventricular internal radius), according to Savage et al, 17 left ventricular ejection fraction, left ventricular fractional shortening and the early to late ratio of left ventricular peak inflow velocities (mitral E/A ratio), with the technique described by Benjamin et al. 29 At our institution, LVH is defined as LVMIϾ125 g/m 2 , while left ventricular remodelling is defined as concentric or eccentric when RWTϾ or Ͻ0.45, respectively.
Signal-averaged electrocardiogram was recorded using three bipolar orthogonal leads and two highpass (25 and 40 Hz) filter settings in order to identify the presence of late potentials, that is high frequency and low amplitude signals in the last 40 msec of the filtered QRS, reflecting delayed and fragmented electrographic activities. 30 Three parameters were examined at 25 and 40 Hz high-pass filter settings; 31 QRS duration (QRSd), that is the duration of the filtered QRS; root-mean-square voltage of the terminal 40 msec (RMS 40 ) of the filtered QRS; and low-amplitude signal duration (LASd), that is the duration of low amplitude signals measured from the filtered QRS offset backward to when the signal reaches the voltage of 40 V. According to normal values in our laboratory, late potentials were considered to be present if at least one of the above mentioned parameters was abnormal at both 25 and 40 Hz filter settings (QRSd Ͼ109 and 106 msec, RMS 40 , Ͻ28 and 16 V and LASd Ͼ29 and 40 msec, respectively).
Statistical analysis
Data are expressed as mean values ± s.e.m. Comparisons between healthy subjects and hypertensive patients was performed after Levene's test using the t-test (independent data) or the Mann-Whitney and Wilcoxon test, as appropriate. Subsets identified by LVH pattern were analysed by ANOVA followed by t-test with Bonferroni correction. Comparisons between diurnal and nocturnal HRV parameters in each subset was performed by the t-test for paired data. Correlations were analysed using the Pearson's and Spearman's correlation coefficients, as appropriate. Multiple linear regression analysis using the enter method was used. In addition, a multivariate analysis was performed for each dependent variable by factor (normality and hypertension or normality and type of hypertrophy) evaluating the effects of significant covariates, such as age and sex, by means of GLM general factorial procedure. Data were analysed by SPSS for Windows statistical package version 7.0 (SPSS Inc, Chicago, IL, USA).
Results
Clinical characteristics and cardiac morpho-functional data are depicted in Table 1 . SBP and mitral E/A ratio were non-normally distributed and were thus evaluated by non-parametric tests. Patients with essential hypertension showed higher values of SBP, DBP and LVMI but no differences in RR intervals when compared with healthy subjects. Patients with LVH were older (55 ± 2 vs 41 ± 3 years, P Ͻ 0.01), and had higher SBP (173 ± 3 vs 151 ± 4 mm Hg, P Ͻ 0.05) and DBP (96 ± 2 vs 90 ± 1 mm Hg, P Ͻ0.05) than those without LVH. They also exhibited an impaired diastolic relaxation, as indicated by a lower E/A ratio (0.80 ± 0.02 vs 1.02 ± 0.04, P Ͻ 0.01).
Parameters of HRV recorded in healthy subjects and hypertensive patients are reported in Table 2 . No differences in time and frequency domain indexes were found between the two groups, but the 24h-RMSSD showed a trend towards higher values in healthy subjects. Healthy subjects and patients with eccentric LVH showed a day-night rhythm in LF/HF ratio, as indicated by significant lower values at night-time (P Ͻ0.05), whereas patients with concentric LVH did not show any differences in daynight power indexes, thus suggesting the presence of a sympatho-vagal imbalance in this group. Ten out of the 50 patients in whom this parameter was evaluated had evidence of late potentials: no differences were found between these patients and those without late potentials in either age and cardiovascular data (Table 3) or HRV parameters (Table 4) .
Age showed an inverse correlation with mitral E/A (r = −0.36, P Ͻ 0.001) and the 24h-LF/HF ratio (r = −0.26, P Ͻ 0.05, Table 5 and Figure 1) . The E/A ratio correlated with SBP (r = −0.33, P Ͻ 0.01), DBP (r = −0.30, P Ͻ 0.01) and LVMI (r = −0.38, P Ͻ 0.001). A significant Spearman value was found for sex and 24h-(r = −0.32, P Ͻ 0.02), D-and N-LF/HF ratios (r = −0.21, P Ͻ 0.05 for both), males showing higher values than females (24h-LF/HF ratio: 5.58 ± 0.37 vs 4.11 ± 0.25, P Ͻ 0.01), independently from left ventricular mass or morphology (Figure 2) .
The results of stepwise multiple linear regression analysis of power spectral parameters are given in Table 6 . Among the considered dependent variables, D-LF/HF was inversely correlated with age (P Ͻ 0.007), while 24h-and N-LF/HF were directly correlated with sex (P Ͻ 0.001 and 0.02, respectively).
Co-variance analysis weighting age and sex showed no significant difference in the LF/HF ratio between healthy subjects and hypertensive patients.
Discussion
Large epidemiological studies indicate that complications of hypertension are more frequent in patients with increased left ventricular mass. 16, 32, 33 In these patients an activation of, or an increased sensitivity to, the sympathetic nervous system has been emphasised to be conducive to the development of blood vessel and myocardial abnormalities, resulting in a disregulation of haemodynamic and morphologic parameters as well as of electrophysiologic properties. [34] [35] [36] [37] [38] An enhanced cardiac sympathetic tone is indeed a direct stimulus for the development of cardiac arrhythmias. 20, 39 Among the factors involved in the sympatho-vagal modulation to the heart, the age of hypertensive Table 2 Heart rate variability (HRV) in healthy subjects (HS) and in the 96 patients with essential hypertension included in the study, the latter classified according to the presence of left ventricular hypertrophy and its geometry
Hypertensive patients HS
All
No patients has to be considered. In healthy subjects, as well as in hypertensive patients, the autonomic function is known to be altered with advancing age, as indicated by the decrease in HRV and the impaired baroreceptor-and ␤-adrenoreceptormediated regulation of the heart function. [40] [41] [42] Different interactions between nervous discharge and heart responsiveness have been established with aging and clinical background. In healthy subjects measurements of noradrenaline spillover support the notion that the sympathetic firing is higher in elderly than in younger patients. 10, 11, 14 In hypertensive patients, however, an opposite behaviour has been demonstrated. 10 Moreover, the increased concentration of the neurotransmitter does not necessarily translate into an enhanced cardiac responsiveness, which was found to be decreased on the basis of the reduced HRV.
12,13,42,43 Therefore, the poor relationship between HRV and cardiac noradrenaline spillover may reflect an age-related dissociation between nerve activity and tissue responsiveness. An alternative explanation is that HRV is determined by sinus node function and its local, dual autonomic innervation; furthermore, the sympathetic innervation of the heart is not uniform and Table 5 Pearson's and Spearman's correlation coefficients between the studied variables nerve activity in the sinus node and the rest of the heart may not always be synchronous. The interaction between the sympathetic and the parasympathetic branches of the autonomic nervous drive to the heart can be usefully investigated by the spectral analysis of HRV, and it is generally thought that the LF/HF ratio mirrors the sympatho-vagal balance of cardiac modulation. 26 Then, while some authors found a relative increase in the sympathetic modulation to the heart in hypertensive patients under resting conditions, 4 others did not observe differences in the autonomic nervous activity between healthy subjects and hypertensive patients. 44 In the current study, time and frequency domain analysis of HRV were performed in quite a large series of patients with essential hypertension, together with signal-averaged ECG recordings, in the attempt to better define the relationship between autonomic modulation of the heart and its vulnerability to ventricular arrhythmias. In this perspective, we investigated the role of age, sex, cardiac mass and geometry.
Unlike other studies, 4, 45 hypertensive patients included in this study did not show any significant differences in time and power parameters of HRV when compared with healthy subjects. The discrepancy between our data and those of previous investigations, 4 ,45 could be due to the larger number of 18 patients we studied, to age-related differences in sympatho-vagal balance and to the fact that healthy subjects included in this study had a trend towards a lower age. Differences in the employed methodologies should also be taken into account. However, our results are in agreement with those of Kohara et al, 46 who did not find any differences in LF/HF ratio between normal subjects and hypertensive patients.
In respect to age, younger hypertensive patients included in the current study seem to have a relative increase in cardiac sympathetic drive, as suggested by the significant, although weak, inverse relationship between age and both 24h-and D-LF/HF ratio. This phenomenon, observed in a large cohort of patients, extends previous findings which demonstrated a reduction in HRV and sympathetic modulation to the cardiac activity in elderly normotensive subjects, 47 as well as in aged hypertensive patients. 46 However, an age-related decline of sympathetic and parasympathetic response to tilt was described in normotensive subjects 43 but not in hypertensive patients. 22 In this study, LF/HF ratio was significantly influenced by sex, since hypertensive men had a more pronounced sympathetic modulation to the heart, as inferred by the finding of a higher 24h-LF/HF ratio and a lower 24h-RMSSD. This finding is in agreement with previous studies in healthy subjects, showing that the HF component was lower in men than in women. 48, 49 Our data stress the need to account for gender, as well as for age-related differences in HRV, when studying hypertensive patients.
Available data on the relationship between the autonomic nervous drive to the heart and left ventricular mass in patients with essential hypertension are somewhat conflicting. Kelm et al 50 reported an increased cardiac sympathetic activity, as assessed by measuring the cardiac release of noradrenaline, in normotensive and hypertensive patients with LVH. However, as pointed out by Esler, 51 the direct relationship of left ventricular mass to the rate of noradrenaline overflow from the heart observed in this study was largely dependent on the inclusion of patients with primary hypertrophic cardiomyopathy, who are known to have a prevalent sympathetic or a decreased parasympathetic activity to the heart. 52 In addition, the differences in cardiac noradrenaline overflow between hypertensive patients with and without LVH reported by Kelm et al 50 were only trifling. In contrast, Petretta et al, 15 and Kohara et al, 46 using different methodological approaches, found negative correlations between left ventricular mass and both the LF and HF components of HRV. In the present study, no relationship was found between left ventricular mass and either LF/HF ratio or RMSSD values, suggesting that our hypertensive patients with LVH are not different from those with normal left ventricular mass with regard to the autonomic control of heart rate. These data agree with the finding by Esler et al, 53 who found no correlation between noradrenaline spillover measurements and left ventricular mass.
Similarly to what Ajiki et al 54 found, in the present study patients with concentric left ventricular hypertrophy showed a higher LF/HF ratio at night-time, suggesting increased sympathetic activity and/or parasympathetic attenuation at night. The pathophysiological correlate of such a sympatho-vagal imbalance is unknown. In this respect, the concentric type of ventricular remodeling seems to be associated with a reduced parasympathetic tone, as suggested by a trend towards an inverse relationship between RWT and RMSSD observed at multiple linear regression analysis. The greater impairment in sympatho-vagal balance observed in hypertensive patients with concentric LVH may contribute to explain why this subgroup experiences the highest incidence of cardiovascular events. 16, 31, 55 Therefore, in hypertensive heart disease the kind of left ventricular remodeling, more than the increased ventricular mass, seems to be an important factor in influencing the autonomic modulation of the heart. Ventricular late potentials, used in an attempt to unmask patients at higher risk of ventricular arrhythmias, were found in a small number of patients, and no significant differences were observed either between patients with and without LVH or between patients with concentric and eccentric LVH, confirming previous data from our laboratory. 18 Moreover, no significant relationship was found between the prevalence of late potentials and HRV measurements. These results do not support the hypothesis that an imbalance in the autonomic modulation to the heart may be involved in the appearance of late potentials in mild to moderate essential hypertension. However, the electrophysiological substrate and the main mechanisms sustaining the genesis of late potentials are far from being definitively established. In addition, a limitation of our study is the lack of a power analysis of signalaveraged recordings, which has been shown to be of greater value as a true predictor of serial clinical events. 56 Finally, LVH may per se interfere with the association between abnormal signal-averaged parameters and ventricular arrhythmias. 57 In conclusion, the analysis of HRV and signalaveraged ECG, performed in quite a large population of patients with mild to moderate essential hypertension, demonstrated that:
(1) sympathetic modulation of cardiac activity is more pronounced in younger than in older patients, as well as in men than in women; (2) left ventricular concentric remodeling seems to be an important factor in affecting the neural modulation of the heart; (3) ventricular late potentials are found in a small number of patients, their occurrence is independent from left ventricular mass and geometry and any relationship between their incidence and time or power indexes of heart rate variability is far from being demonstrated.
